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temperature is about 75 °C, but there is considerable difficulty in estimating the exact temperature of the specimens examined by X-rays. The caesium chloride structure is shown in figure 1. There is a caesium atom at the origin (0, 0, 0) and chlorine at (1/2, 1/2, 1/2) a, where a is the lattice constant.
The cubic perovskite structure is shown in figure 2 , for SrTi03. There is a titanium atom at the origin, oxygens at (1/2, 0, 0), (0, 1/2, 0), (0, 0, 1/2), Sr at (1 /2, 1 /2, 1 /2), in units of the lattice constant a. The Brillouin zone for the space groups Oh, Oh, 0', Oh is simple cubic, and is shown in figure 4 , with labels of Miller and Love (M-L) [4] for the symmetry points and lines. Characters of the irreducible representations of the wave vector groups for the space group 0' were published by Bouckaert, Smolu- chowski and Wigner [5] , for the double group by Elliott [6] , later by Zak et al. [7] and Bradley and
Cracknell [8] . The irreducible representations for 0' can be found in the tables of Kovalev [9] , in the report of Slater [2] , and in the tables of Miller and Love [4] , whose labels of the irreducible representations we will use here.
Tovstyuk and Tarnavskaya [10] presented a general discussion, based on group theoretical arguments, of the energy spectrum in crystals with the octahedral symmetries 0'-010. References to the theoretical papers on the Oh symmetries can be found in the monograph of Bradley and Cracknell [8] . 2. Caesium chloride structure. - In CsCI type alkali halides a peculiar F-centre absorption structure has been observed at the fundamental absorption edge, strikingly different from the other alkali halides. The optical absorption band of F-centre in caesium halides at low temperatures has two or three components [11, 12] . A strong spin-orbit coupling can account for two components. After early attempts to explain the structure [13, 14] , Moran [15] has shown that the F-centre absorption band in caesium halides can be explained by the instantaneous distortion of the F-centre environment from cubic symmetry induced by the motion of the bcc lattice. Agreement with experimental results for CsF, CsCI, CsBr and CsI has been achieved. The different relative strengths of the various cubic and noncubic interactions account for the striking contrast between a caesium halide F-centre and those observed in the salt crystals with a relatively light alkali metal [15] .
Electronic energy bands have been labelled by the BSWE [5, 6] labels and calculated for CsI by Onodera [16] who found the direct gap at the Brillouin zone centre.
Electronic energy bands for TICI and TIBr have been calculated [17] [18] [19] , with the result that the direct gap is at the X point at the centre of the Brillouin zone face. This is found to be in agreement with recent results of the ultraviolet photoemission studies in TICI [20] .
The observed doublet structure of the first exciton transition in simple cubic TICI [21] is explained as arising from Coulombic and exchange interactions, which lead to intra-and intervalley scattering between the excitons formed of electron-hole pairs at nonequivalent X-points of the Brillouin zone [22] [23] [24] .
The band structure of caesium halides and rubidium chloride has been investigated theoretically and experimentally [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] . 3 The X-ray study by Lytle [40] revealed a small tetragonal distortion below 110 K but the unit cell volume remains unchanged through the transition. The small tetragonal distortion manifests itself in the ESR experiments [41] . The most remarkable change at the transition was revealed however, by measurements of the elastic constants [42] . The interesting characteristic feature of this transition lies in its extremely small, below 1 promille, lattices distortion, indicative of a second order phase change, combined with other well defined anomalies (see Fig. 5 [43] and the crystal structure deduced from ESR experiments [39, 41] .
Neutron inelastic scattering measurements in perovskite crystals such as SrTi03, KMnF3, LaAI03, etc. have been made by Cowley [44] , Riste et al. [45, 46] , Shirane et al. [38, [47] [48] [49] , Tôpler et al. [50] , and others [51, 52] . The central peak has been observed [46, 50, 52] . The antiferrodistortive phase transition in SrTi03 at 105 K has been interpreted as due to the softening of the optical transverse F2. phonon at the Brillouin zone boundary R point [46, 50] .
The linear thermal expansion coefficients for monodomain crystals of SrTi03, measured near the displacive phase transition at 106.8 K have been found to be different in the two perpendicular directions [53] .
Neutron scattering studies of soft modes in the critical temperature region in cubic BaTi03 have been performed [54, 55] .
Light scattering studies on the soft phonon phase transitions in SrTi03, BaTi03, etc. have been made [56, 57] .
Fleury and Lazay [58, 59] measured the temperature dependence of the Brillouin scattering spectrum of BaTi03 in the room temperature phase.
Accumulating experimental studies of the soft modes in perovskites, particularly by inelastic photon and neutron scattering, or the soft mode spectroscopy, are reviewed inter alia by Scott [60] . 1 In KMnF3 [47] [48] [49] the zone boundary phonon dispersion branch extending from the R point to the M point is extremely soft, and the R phonon instability at 186 K [48] is followed by an M3 phonon instability at 91.5 K [61] .
KMnF3 undergoes structural phase transitions :
at 186 K from the 01 (Pm3m) to Dl' (14/mcm) [48, 49] and at 91. [64] .
EPR experiments on RbCaF3 [65] have revealed the occurrence of structural phase transitions at low temperatures, and Raman scattering data [66] [66] .
In contrast to the cubic-to-tetragonal phase transitions which seem to have only a small effect on the thermal conductivities, it has been found that the low temperature structural phase transitions produce a strong reduction in the thermal conductivities of KMnF3 and RbCaF3 [69] . The structural phase transition in LaAI03 around 489°C [51, 52] belongs to the case when the condensing phonon mode is at the corner R = (1, 1, 1 [52] .
Uwe and Sakudo [70] [71] [72] [73] studied by dielectric measurements and Raman-scattering experiment the uniaxial stress dependence of the ferroelectric and structural phonon mode transition in SrTi03 and KTa03. Anticrossing between the ferroelectric and the structural soft modes was observed for an oblique wave-vector phonon. An anomalous increase of the damping of the totally symmetric ferroelectric mode near the critical stress for the transition has been found. Stress induced ferroelectricity was also investigated in KTa03 [73] [74] [75] .
Analysing the ferroelectric modes in SrTi03 and KTa03 Migoni et al. [76] [77, 78] .
Optical excitation by laser radiation of ferroelectric BaTi03 has been investigated by Chanussot [79, 80] [86] .
Superconductivity has been observed in several perovskite compounds. In particular the Zr-doped SrTi03 is a superconducting semiconductor, with a large penetration depth because of the small carrier concentration. A theoretical model involving screened electron-electron interactions via intervalley optical phonons was applied to fit the transition temperature data [87] . Superconductivity has been observed in a number of degenerate semiconductors such as SrTi03 -,, [88] , Sr 1-yBay Ti03 -x [89] , etc. 1 Appel [90] [92, 93] and for the cubic perovskite-type compounds KNiF3, SrTi03 [94] , KMo03 , and KTa03 [95, 96] and BaTi03 [97] .
The ferroelectric phase transitions have been extensively studied from the viewpoint of lattice dynamics since the initial theoretical papers by Anderson [98] and Cochran [99] . The [9] , and small representations for the symmetry points, lines and planes can be found in the paper by Sek [101] where, however, in x Dq can be expressed in terms of the characters t/J of the small representations dp which induce the representations Dk of the space groups G [111] :
Here the sum indexed by a is taken over the revelant leading wave vector selection rules L.W.V.S.R., see Lewis [111] , i.e. over the elements determinéd by the expansion of the point group G into double cosets [8, 11] (4), we obtain representants h = ki + mj of the star of the vector h for which the coefficient (3) may be nonvanishing [112] [113] [114] [115] .
Recently Cracknell and Davies have written two Algol programs, one to determine the wave vector selection rules [116] , the other for determining the reductions of the Kronecker products of the irreducible representations of crystallographic space groups [117] . In table II we list the leading wave vector selection rules, L.W.V.S.R. [111] , ak + Pm = h, and intersections [5, 6] , Kovalev [9] and M-L [4] for the points T and R and in TABLE III   533   TABLE IV   TABLE V   TABLE VI table IV and table VI, VII the decomposition  F25' x X3 = Xi + X5 in the notation of BSW [5] . Therefore the phonons in the intervalley scattering between the F2., and X3 minima can be of the symmetry X1 and X5.
Appendix. -Dr. A. P. Cracknell has kindly pointed out to us, from the output of his programs [116, 117] , the misprints in our published selection rules for the beta-wolfram structure [114] . The correct entries in 
